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(S) Movable magnet type pump. 

(57) A movable magnet type pump, wherein a 
magnet moving body (10) having at least one 
axially magnetized permanent magnet (27) and 
an axially extending through liquid passage (3) 
is arranged so as to be slidable inside a liquid 
introducing chamber (2) ; a plurality of coils 
(11A,11b) are fixed so as to enclose the liquid 
introducing chamber (2) ; a first check valve 
(12) is arranged on a liquid introducing side of 
the liquid introducing chamber (2) ; a second 
check valve (25) is arranged on a liquid dis- 
charge side of the through liquid passage (3) ; 
and the magnet moving body (10) is caused to 
reciprocate by interaction between current ap- 
plied to the respective coils (11A,11B) and mag- 
netic flux from the magnet moving body (10) 
cutting across the respective coils. 
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BACKGROUND OF THE INVENTION 

The invention relates to a small movable magnet 
type pump for use in pumping liquid such as water or 
kerosene. 

A conventional small pump is an electromagnetic 
pump (a solenoid pump) that has an exciting coil for 
driving a magnetic piston in one direction and a return 
spring for returning the magnetic piston to the original 
position (For example, Japanese Patent Unexamined 
Publication (Kokai) Sho-55-142981). 

The conventional electromagnetic pump combin- 
ing the magnetic piston and the exciting coil must in- 
volve a mechanical return mechanism such as a 
spring, and this imposes the problem of not only com- 
plicating the mechanism but also making the struc- 
ture large. In addition, to increase the operating force 
of the piston, the magnetic piston and the exciting 
coil must be large in structure. It is for this reason that 
small or very small pumps with sufficient liquid rasing 
power have been difficult to achieve in the conven- 
tional ordinary type electromagnetic pumps. 

SUMMARY OF THE INVENTION 

The invention has been made in view of the 
above circumstances. Accordingly, the object of the 
invention is to provide a small movable magnet type 
pump not only having large pumping power, but also 
achieving mechanical simplification by arranging a 
magnet moving body with a through liquid passage or 
a magnet moving body with a groove serving as a liq- 
uid passage on the outer circumference thereof, and 
causing such magnet moving body to reciprocate 
within a liquid introducing chamber so that a mechan- 
ical return mechanism is no longer necessary. 

To achieve the above object, the invention is ap- 
plied to a movable magnet type pump, wherein a mag- 
net moving body having at least one axially magne- 
tized permanent magnet and an axially extending liq- 
uid passage or a groove serving as an outer circum- 
ferential liquid passage is disposed within a liquid in- 
troducing chamber so as to be slidable; a plurality of 
coils are fixed so as to enclose the liquid introducing 
chamber; at least one first check valve (a fixed check 
valve) is disposed on a liquid passage communicating 
with the liquid introducing chamber; at least one sec- 
ond check valve (a movable check valve) is disposed 
on the liquid passage of the magnet moving body; and 
the magnet moving body is caused to reciprocate by 
interaction between current applied to the respective 
coils and magnetic flux from the magnet moving body 
cutting across the respective coils. 

The groove may be formed on the outer circum- 
ference so as to be inclined with respect to the axial 
direction of the magnet moving body. 

The magnet moving body may be formed by in- 
terposing a magnetic body between at least two per- 



manent magnets, the same poles of the two perma- 
nent magnets confronting each other; the plurality of 
coi Is may be at least three coi Is; and the at least three 
coils may be connected in such a manner that current 

5 flows in directions different from one another with a 
zone between the respective permanent magnets as 
a boundary; or else, the magnet moving body may be 
formed by interposing an intermediate magnetic body 
between at least two permanent magnets, the same 

10 poles of the two permanent magnets confronting 
each other, and by disposing end magnetic bodies on 
outer end surfaces of the outermost permanent mag- 
nets; the plurality of coils may be at least three coils; 
and the at least three coils may be connected in such 

15 a manner that current flows in directions different 
from one another with a zone between the respective 
permanent magnets as a boundary. 

Further, a magnetic yoke may be disposed on an 
outer circumferential side of the coils to thereby form 

20 a magnetic circuit for increasing a magnetic flux com- 
ponent in a direction perpendicular to the axial direc- 
tion of the magnet moving body. 

The first check valve may include a first magnetic 
valve body and a valve body attracting permanent 

25 magnet, and bias the first magnetic valve body in 
such a direction as to close the liquid passage com- 
municating with the liquid introducing chamber with 
the valve body attracting permanent magnet. 

The second check valve may have a second mag- 

30 netic valve body, and bias the second valve body in 
such a direction as to close the liquid passage with 
the permanent magnet or magnets of the magnet 
moving body. 

In the movable magnet type pump of the inven- 

35 tion, the magnet moving body having the through liq- 
uid passage or the magnet moving body having the 
groove serving as the outer circumferential liquid 
passage is disposed within the liquid introducing 
chamber so as to be slidable, and such magnet mov- 

40 ing body is driven by an operating force similar to a 
thrust produced between the magnet moving body 
and the coils based on the Fleming's left hand rule. 
Therefore, the magnet moving body can be caused to 
reciprocate electromagnetically directly by ac vol- 

45 tage, which contributes to mechanical simplification, 
getting rid of the mechanical return mechanism such 
as the spring. In addition, producing no deviation in a 
direction perpendicular to the reciprocating direction 
of the movable magnet body, the magnet moving 

so body can be operated smoothly. Further, the operat- 
ing force of the magnet moving body is increased sig- 
nificantly compared with the force produced by the 
magnetic piston and the exciting coil of the conven- 
tional electromagnetic pump, thereby allowing a 

55 small or very small but sufficiently powerful pump to 
be implemented. Still further, the arrangement in 
which the magnet moving body has the grooves is 
more advantageous in downsizing and fabricating the 
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pump compared with the arrangement in which the 
magnet moving body has the through hole. In addi- 
tion, the former arrangement is advantageous in pro- 
viding good waterproof of the permanent magnet or 
magnets contained in the magnet moving body. 

In the movable magnet type pump of the inven- 
tion, the movable magnet type actuator including a 
magnet moving body and a plurality of coils disclosed 
in U.S. Patent Serial No. 093,677 (European Patent 
Application No. 93111583.6) can be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a front sectional view showing a mov- 
able magnet type pump, which is a first embodi- 
ment of the invention; 

Figure 2 is a front sectional view showing a mov- 
able magnet type pump, which is a second em- 
bodiment of the invention; 
Figure 3 is a diagram showing an operation of the 
first or the second embodiment of the invention; 
Figure 4 is a partially sectional view showing a 
modified example of a second check valve in the 
first or the second embodiment; 
Figure 5 is a partially sectional view showing an- 
other modified example of the second check 
valve in the first or the second embodiment; 
Figure 6 is a partially sectional view showing a 
modified example of a first check valve in the 
first or the second embodiment; 
Figure 7 is a front sectional view showing a mov- 
able magnet type pump, which is a third embodi- 
ment of the invention; 

Figure 8 is an enlarged front sectional view show- 
ing a magnet moving body and a valve seat part 
in the third embodiment; 
Figure 9 is an enlarged plan view showing the 
magnet moving body in the third embodiment; 
Figure 10 is an enlarged exploded sectional view 
showing the magnet moving body and the valve 
seat part in the third embodiment; 
Figure 11 is an enlarged plan view of the valve 
seat part in the third embodiment; 
Figure 12 is a front sectional view showing a mov- 
able magnet type pump, which is a fourth em- 
bodiment of the invention; 
Figure 13 is a front sectional view showing a 
modified example of the magnet moving body, 
which can be applied to the fourth embodiment; 
Figure 14 is a front view showing a modified ex- 
ample of a groove structure of the magnet mov- 
ing body, which can be applied to the third and 
the fourth embodiments; 
Figure 15 is a front sectional view showing a 
modified example of the second check valve in 
the third or the fourth embodiment; 
Figure 16 is a partially sectional view showing a 
modified example of the first check valve in the 



third or the fourth embodiment; 
Figure 17 is a partially sectional view showing a 
modified example in which the first check valve 
in the third or the fourth embodiment is moved to 

5 the liquid discharge side; 

Figure 18 is a partially sectional view showing a 
modified example in which the second check 
valve in the third or the fourth embodiment is 
moved to the liquid introducing side of the mag- 

10 net moving body; 

Figure 19 is a diagram showing an operation 
when the first check valve is moved to the liquid 
discharge side; and 

Figure 20 is a diagram comparing the liquid rais- 
15 ing performance of the movable magnet type 

pump of the invention with that of the convention- 
al electromagnetic pump. 

DETAILED DESCRIPTION OF THE PREFERRED 
20 EMBODIMENTS 

Movable magnet type pumps, which are embodi- 
ments of the invention, will now be described with ref- 
erence to the appended drawings. 

25 Figure 1 shows a first embodiment of the inven- 

tion. As shown in Figure 1, a movable magnet type 
pump according to the first embodiment has a soft 
magnetic cylindrical yoke 1 , two sets of coi Is 1 1 A, 1 1 B 
disposed inside the cylindrical yoke 1, and a magnet 

30 moving body 10. The two sets of coils 11 A, 11 B are 
fixed on the cylindrical yoke 1 by a guide sleeve 4. 
The inner circumference of the guide sleeve 4 forms 
a liquid introducing chamber 2 for si idably guiding the 
magnet moving body 10. The guide sleeve 4 is made 

35 of an insulating material (nonmagnetic material) such 
as an insulating resin or the like. 

The magnet moving body 10 is formed by cover- 
ing a rod-like rare earth permanent magnet 27 with 
a nonmagnetic sleeve-like holder 28. The permanent 

40 magnet 27 is magnetized in the axial direction so as 
to have magnetic poles on both end surfaces thereof. 
A through liquid passage 3 is formed in the middle of 
the magnet moving body 10 so that the passage 3 
can run through along the length of the body 10. 

45 While the sleeve-like holder 28 covers the perma- 
nent magnet 27 in such a manner as to form the outer 
circumference and both end surfaces of the magnet 
moving body 10, it is most preferable that the sleeve- 
like holder 28 cover as far as to the inner circumfer- 

50 ence of the through liquid passage 3 (i.e., the entire 
surface of the magnet moving body 10 be covered by 
the nonmagnetic holder 28). For example, a prefer- 
able arrangement may be such that a one-piece, dou- 
ble-wall pipe structure made from, e.g., stainless 

55 steel is used as the sleeve-like holder 28; and after 
the permanent magnet 27 having a through hole al- 
ready formed therewithin has been accommodated in 
the pipe structure, both end surfaces of the pipe 
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structure are closed. 

The coils 11 A, 11 B are annularly wound around 
the end parts of the magnet moving body 10, and are 
connected so that the neighboring parts of the coils 
have the same magnetic poles. Magnetic flux from 
the respective end surfaces of the magnet moving 
body 10 cuts across the coils 11 A, 11B. 

A liquid introducing side member 5 is fixed on an 
end of the guide sleeve 4 constituting the liquid intro- 
ducing chamber 2 watertight through an O-ring 61 
and a stopper plate 62. The liquid introducing side 
member 5 has an opening on one end thereof as a liq- 
uid introducing opening 7, and has a liquid introduc- 
ing path 8 that communicates with the liquid introduc- 
ing chamber 2 on the other end thereof. Af irst check 
valve 12 is disposed on a large-diameter part 6 that 
is formed in the middle of the liquid introducing path 
8. That is, the first check valve 12 includes: a seal 
member 14 made from rubber or the like firmly dis- 
posed on a portion of the large-diameter part 6 which 
is supposed to serve as a valve seat; a magnetic 
valve body 15 made of a steel ball or the like which 
closes the liquid introducing path 8 when the valve 
body 15 comes in pressure contact with the seal 
member 14; and a valve body attracting permanent 
magnet 16 that is disposed on the outer end of the liq- 
uid introducing side member 5. Therefore, the mag- 
netic valve body 15 is biased in such a direction as to 
come in pressure contact with the seal member 14 by 
the valve body attracting permanent magnet 16. It is 
preferable that the liquid introducing side member 5 
be nonmagnetic. 

A cushion member 63 for regulating the stroke of 
the magnet moving body 10 is secured to a surface 
of the stopper plate 62, the surface confronting the 
magnet moving body 10. 

A liquid discharge side member 17 is fixed on the 
other end of the liquid introducing chamber 2 consti- 
tuting guide sleeve 4 so as to be watertight through 
an O-ring 64. That is, a holding plate 65 for holding a 
flange part of the liquid discharge side member 17 
from above is put on a flange part of the cylindrical 
yoke 1 and secured thereto by bolts 66. The liquid dis- 
charge side member 1 7 has a liquid discharge path 1 9 
that communicates with the liquid introducing cham- 
ber 2. A nozzle member 67 having a liquid discharge 
opening 18 is secured to a distal end of the liquid dis- 
charge side member 1 7, the liquid discharge opening 
18 communicating with the liquid discharge path 19. 

Further, a magnetic valve body 26 made of a 
steel ball or the like is disposed so that a second 
check valve 25 is formed together with an end sur- 
face on the liquid discharge side of the magnet mov- 
ing body 10. The magnetic valve body 26 is attracted 
in such a direction as to close the through liquid pas- 
sage 3 by the permanent magnet 27 inside the mag- 
net moving body 10. A seal member 70 made from 
rubber or the like is fixed on the end surface on the 



liquid discharge side of the magnet moving body 10. 
Further, a cushion member 68 for regulating the 
strokes of the valve body 26 and the magnet moving 
body 10 is fixed on a recess inside the liquid dis- 

5 charge side member 17. 

In the construction of the first embodiment, the 
magnet moving body 1 0 can be caused to reciprocate 
inside the liquid introducing chamber 2 by applying al- 
ternating current while connecting the two coils 11 A, 

10 11 B in such a manner that the neighboring parts 
thereof have the same magnetic poles. As a result, in 
a stroke toward the liquid discharge side, the magnet 
moving body 10 moves with the magnetic valve body 
26 of the second check valve 25 closing the through 

15 liquid passage 3, which thus allows liquid (e.g., liquid 
such as water or kerosene) to be introduced into the 
liquid introducing chamber 2 via the liquid introducing 
opening 7, the liquid introducing path 8, and the first 
check valve 12. In a stroke toward the liquid introduc- 

20 ing side, the magnet moving body 10 moves with the 
magnetic valve body 15 of the first check valve 12 
closing the liquid introducing path 8, which thus al- 
lows the liquid inside the liquid introducing chamber 
2 to move toward the liquid discharge side of the mag- 

25 net moving body 10 via the second check valve 25. 
As the magnet moving body 10 further moves toward 
the liquid discharge side, the liquid is discharged from 
the liquid discharge opening 18 via the liquid dis- 
charge path 19. 

30 An operation of this pump will be described with 

reference to Figure 3. 

In a stroke in which the magnet moving body 10 
moves toward the liquid introducing side (part (a) of 
Figure 3), the magnet moving body 10 moves toward 

35 the liquid introducing side with the first check valve 
12 closing the liquid introducing path 8 and with the 
second check valve 25 open. Therefore, the liquid in- 
side the liquid introducing chamber 2 moves toward 
the liquid discharge side of the magnet moving body 

40 10 via the second check valve 25. 

When the magnet moving body 10 has moved 
closest to the liquid introducing side (part (b) of Figure 
3), the second check valve 25 gets closed. 

In a stroke in which the magnet moving body 10 

45 moves toward the liquid discharge side (part (c) of 
Figure 3), the magnet moving body 1 0 moves with the 
first check valve 12 open and with the second check 
valve 25 closing the through liquid passage 3. There- 
fore, the liquid that has moved toward the liquid dis- 

50 charge side in the stroke (part (a) of Figure 3) is dis- 
charged from the liquid discharge opening 18 via the 
liquid discharge path 19. At the same time, the liquid 
inside the liquid introducing chamber 2 is introduced 
via the liquid introducing opening 7, the liquid intro- 

55 ducing path 8, and the first check valve 12. 

The first check valve 12 gets closed when the 
magnet moving body 10 has moved closest to the liq- 
uid discharge side (part (d) of Figure 3). 
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By repeating the stokes (parts (a) to (d) of Figure 
3), the liquid raising operation is performed. 

According to the first embodiment of the inven- 
tion, the magnet moving body 10 can be caused to re- 
ciprocate efficiently by a force similar to a thrust 
based on the Fleming's left hand rule that acts on 
both the magnetic flux produced from the permanent 
magnet of the magnet moving body 10 and the cur- 
rent flowing through the two coils 11 A, 11 B that cut 
across the magnetic flux. As a result, a mechanism 
such as a return spring or the like is no longer nec- 
essary, thus allowing mechanical simplification to be 
achieved. Further, the reciprocating motion of the 
magnet moving body 1 0 can be smooth owing to good 
frequency response of the current applied to the coils 
11 A, 11 B. High-speed operation is hence possible by 
increasing the frequency. Still further, the arrange- 
ment in which the through liquid passage 3 is formed 
in the magnet moving body 1 0 leads to effective cool- 
ing of the magnet moving body 10. Still further, the 
first and the second check valves 12, 25 are of such 
a simple design that the magnetic valve bodies 15, 26 
made of steel balls or the like are attracted by the per- 
manent magnets, which is another advantage in ach- 
ieving mechanical simplification. Still further, the 
structure in which the magnet moving body 10 is 
formed by covering the permanent magnet 27 with 
the nonmagnetic holder 28 can prevent the perma- 
nent magnet 27 from rusting, and improve wear re- 
sistance of the magnet moving body 10. 

Figure 2 shows a second embodiment of the in- 
vention. As shown in Figure 2, a movable magnet type 
pump according to the second embodiment has a soft 
magnetic cylindrical yoke 41 , three sets of coils 33A, 
33B, 33C disposed inside the cylindrical yoke 41 , and 
a magnet moving body 30. The three sets of coils 
33A, 33B, 33C are fixed on the cylindrical yoke 41 by 
a guide sleeve 44. The inner circumference of the 
guide sleeve 44 forms a liquid introducing chamber 
42 for slidably guiding the magnet moving body 30. 
The guide sleeve 44 is made of an insulating material 
(nonmagnetic material) such as an insulating resin or 
the like. 

The magnet moving body 30 includes: two rod-li- 
ke rare earth permanent magnets 31 A, 31 B disposed 
with the same poles thereof confronting each other; 
a cylindrical soft magnetic body 32 interposed be- 
tween these permanent magnets 31 A, 31 B; and a 
nonmagnetic sleeve-like holder 28. A through liquid 
passage 43 is formed in the middle of the magnet 
moving body 30 so that the passage 43 can run 
through along the length of the body 30. These per- 
manent magnets 31 A, 31 B and the soft magnetic 
body 32 are firmly integrated with one another while 
accommodated in the sleeve-like holder 28. While 
the sleeve-like holder 28 covers the permanent mag- 
nets and the soft magnetic body so as to form the out- 
er circumference and both end surfaces of the mag- 



net moving body 30, it is most preferable that the 
sleeve-like holder 28 cover as far as to the inner cir- 
cumference of the through liquid passage 43 (i.e., the 
entire surface of the magnet moving body 30 be cov- 

5 ered by the nonmagnetic holder 28). For example, a 
preferable arrangement may be such that a one-pie- 
ce, double-wall pipe structure made from, e.g., stain- 
less steel is used as the sleeve-like holder 28; and af- 
ter the permanent magnets 31 A, 31 B having a 

10 through hole already formed therewithin and the soft 
magnetic body 32 have been accommodated in the 
pipe structure, both end surfaces of the pipe struc- 
ture are closed. 

The coils 33A, 33B, 33C are annularly wound 

15 around the end parts of the magnet moving body 30, 
and are connected so that current flows in directions 
different from one another with a zone between the 
poles of the permanent magnets 31 A, 31 B as a 
boundary. That is, it is so designed that the coil 33B 

20 in the middle encloses the end parts including the 
soft magnetic body 32 and the N-poles of the perma- 
nent magnets 31 A, 31 B, and that the coils 33A, 33C 
on both ends enclose the end parts including the S- 
poles of the permanent magnets 31 A, 31 B. The direc- 

25 tion of the current flowing through the coil 33B in the 
middle is opposite to that of the current flowing 
through the coils 33A, 33C on both ends (see N, S put 
on the respective coils shown in Figure 2). 

Aliquid introducing side member45 is fixed on an 

30 end of the liquid introducing chamber 42 constituting 
guide sleeve 44 so as to be watertight through an CD- 
ring 61 and a stopper plate 62. The liquid introducing 
side member 45 has an opening on one end thereof 
as a liquid introducing opening 47, and has a liquid in- 

35 traducing path 48 that communicates with the liquid 
introducing chamber 42 on the other end thereof. A 
first check valve 52 is disposed on a large-diameter 
part 46 that is formed in the middle of the liquid intro- 
ducing path 48. That is, the first check valve 52 in- 

40 eludes: a seal member 54 made from rubber or the 
I ike firmly disposed on a portion of the large-diameter 
part 46 which is supposed to serve as a valve seat; 
a magnetic valve body 55 made of a steel ball or the 
like which closes the liquid introducing path 48 when 

45 the valve body 55 comes in pressure contact with the 
seal member 54; and a valve body attracting perma- 
nent magnet 56 that is disposed on the outer end of 
the liquid introducing side member 45. Therefore, the 
magnetic valve body 55 is biased in such a direction 

so as to come in pressure contact with the seal member 
54 by the valve body attracting permanent magnet 
56. It is preferable that the liquid introducing side 
member 45 be nonmagnetic. 

A cushion member 63 for regulating the stroke of 

55 the magnet moving body 30 is secured to a surface 
of the stopper plate 62, the surface confronting the 
magnet moving body 30. 

A liquid discharge side member 57 is fixed on the 
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other end of the liquid introducing chamber 42 con- 
stituting guide sleeve 44 so as to be watertight 
through an O-ring 64. That is, a holding plate 65 for 
holding a flange part of the liquid discharge side 
member 57 from above is put on a flange part of the 
cylindrical yoke 41 and secured thereto by bolts 66. 
The liquid discharge side member 57 has a liquid dis- 
charge path 59 that communicates with the liquid in- 
troducing chamber 42. A nozzle member 67 having a 
liquid discharge opening 58 is secured to a distal end 
of the liquid discharge side member 57, the liquid dis- 
charge opening 58 communicating with the liquid dis- 
charge path 59. 

Further, a magnetic valve body 76 made of a 
steel ball or the like is disposed so that a second 
check valve 75 is formed together with an end sur- 
face on the liquid discharge side of the magnet mov- 
ing body 30. The magnetic valve body 76 is attracted 
in such a direction as to close the through liquid pas- 
sage 43 by the permanent magnet 31A inside the 
magnet moving body 30. A seal member 70 made 
from rubber or the like is fixed on the end surface on 
the liquid discharge side of the magnet moving body 
30. Further, a cushion member 68 for regulating the 
strokes of the valve body 76 and the magnet moving 
body 30 is fixed on a recess inside the liquid dis- 
charge side member 57. 

In the construction of the second embodiment, 
the magnet moving body 30 can be caused to recipro- 
cate inside the liquid introducing chamber 42 by ap- 
plying alternating current to the three coils 33A, 33B, 
33C in such a manner that each of the three coils 
33A, 33B, 33C can generate a magnetic field of an op- 
posite polarity alternately. As a result, in a stroke to- 
ward the liquid discharge side, the magnet moving 
body 30 moves with the magnetic valve body 76 of 
the second check valve 75 closing the through liquid 
passage 43, which thus allows liquid (e.g., liquid such 
as water or kerosene) to be introduced into the liquid 
introducing chamber 42 via the liquid introducing 
opening 47, the liquid introducing path 48, and the 
first check valve 52. In a stroke toward the liquid in- 
troducing side, the magnet moving body 30 moves 
with the magnetic valve body 55 of the first check 
valve 52 closing the liquid introducing path 48, which 
thus allows the liquid inside the liquid introducing 
chamber 42 to move toward the liquid discharge side 
of the magnet moving body 30 via the second check 
valve 75. As the magnet moving body 30 further 
moves toward the liquid discharge side, the liquid is 
discharged from the liquid discharge opening 58 via 
the liquid discharge path 59. 

According to the second embodiment of the in- 
vention, the magnet moving body 30 can be caused 
to reciprocate efficiently by a force similar to a thrust 
based on the Fleming's left hand rule that acts on 
both the magnetic flux produced from the respective 
permanent magnets of the magnet moving body 30 



and the current flowing through the three coils 33A, 
33B, 33C that cut across the magnetic flux. Since the 
magnet moving body 30 is formed of a structure in 
which the soft magnetic body is interposed between 

5 the two permanent magnets with the same poles of 
the permanent magnets confronting each other, a 
magnetic flux density component perpendicular to 
the direction of magnetization (axial direction) of the 
respective permanent magnets can be increased 

10 sufficiently and the magnetic flux generated by all 
the poles of the permanent magnets can be utilized 
efficiently. Therefore, the thrust based on the Flem- 
ing's left hand rule that acts on the magnetic flux and 
the current flowing through the three coils 33A, 33B, 

15 33C wound around the magnet moving body 30 can 
be increased sufficiently. Thus, even if the magnet 
moving body 30 is downsized, a drive force therefor 
can be increased significantly. Other effects and ad- 
vantages are similar to those obtained by the first 

20 embodiment. 

Figure 4 shows a modified example of the sec- 
ond check valve in the first or the second embodi- 
ment. An extension 100 of the nonmagnetic sleeve- 
like holder 28 is disposed on the liquid discharge side 

25 of the magnet moving body 1 0, 30 so that the exten- 
sion 100 can hold a spring 101 and a valve body 102 
that is in spherical or like form. Therefore, the valve 
body 102 is biased by the spring 101 in such a direc- 
tion as to come in pressure contact with the seal 

30 member 70 disposed on the end surface on the liquid 
discharge side of the magnet moving body 10, 30 to 
thereby close the through liquid passage 3, 43. It is 
not necessary that the valve body 102 be magnetic 
in the construction of Figure 4. 

35 Figure 5 shows another modified example of the 

second check valve in the first or the second embodi- 
ment. A recess 80 is formed on the liquid discharge 
side of the magnet moving body 10, 30; an opening 
of the through liquid passage 3, 43 is formed on the 

40 recess 80; and the opening is closed by a valve body 
82 biased by a spring 81 , the valve body 82 being in 
spherical or like form. A spring retainer 83 is secured 
to the end surface on the liquid discharge side of the 
magnet moving body 10, 30. In the construction of 

45 Figure 5, it is not necessary that the valve body 82 be 
magnetic. 

Figure 6 shows a modified example of the first 
check valve in the first or the second embodiment. 
The seal member 14, 54 made from rubber or the like 

so is fixed on a portion of the large-diameter part 6, 46 
of the liquid introducing member 5, 45, the portion be- 
ing supposed to serve as a valve seat; and a valve 
body 90 that is in spherical or like form is biased by 
a spring 91 so that the valve body 90 comes in pres- 

55 sure contact with the seal member 14, 54. The stop- 
per plate 62 functions as a spring retainer. Reference 
numerals 1, 14 designate a yoke; and 8, 48, a liquid 
introducing path. Like the other modified examples, 
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it is not necessary that the valve body 90 be magnetic 
in the construction of Figure 6. 

Structures other than those shown in Figures 4 
to 6 may also be applied to the first and the second 
check valves. 

Figures 7 to 11 show a third embodiment of the 
invention. As shown in Figure 7 to 11, a movable mag- 
net type pump according to the third embodiment has 
a soft magnetic cylindrical yoke 1, two sets of coils 
11 A, 11 B disposed inside the cylindrical yoke 1, and 
a magnet moving body 10. The two sets of coils 11 A, 
11 B are fixed on the cylindrical yoke 1 by a guide 
sleeve 4. The inner circumference of the guide sleeve 
4 forms a liquid introducing chamber 2 for slidably 
guiding the magnet moving body 1 0. The guide sleeve 
4 is made of an insulating material (nonmagnetic ma- 
terial) such as an insulating resin or the like. 

The magnet moving body 1 0 is formed by cover- 
ing a substantially rod-like rare earth permanent 
magnet 27 with a nonmagnetic sleeve-like holder 28. 
The rare-earth permanent magnet 27 is magnetized 
in the axial direction so as to have magnetic poles on 
both end surfaces thereof. At least one of grooves 3 
serving as liquid passage is formed in the axial direc- 
tion on the outer circumference of the magnet moving 
body 10. That is, the sleeve-like holder 28 has the 
groove 3 on the outer circumference thereof, and the 
permanent magnet 27 is fixed inside the sleeve-like 
holder 28. It is preferable that the sleeve-like holder 
28 cover not only the outer circumference of the per- 
manent magnet 27, but also both end surfaces there- 
of. Also, a valve seat part 35 is integrally secured to 
the liquid discharge side of the magnet moving body 
10. As shown in Figures 8 to 11, the valve seat part 
35 includes: an annular part 36 whose diameter is the 
same as that of a portion of the sleeve-like holder 28 
on which no grooves are formed; a pair of projections 
37 that are formed on the back side of the annular 
part 36 and fitted into the inner circumferences of end 
parts of the sleeve-like holder 28; and a seal member 
accommodating groove 38 formed on the front side 
of the annular part 36. An inner circumferential hole 
39 of the annular part 36 has a tapered surface 39a 
that is tapered from the back to the front side so that 
liquid (e.g., water or kerosene) having entered the 
grooves 3 can be collected toward the center. A seal 
member (O-ring) 70 made from rubber or the like is 
attached to the seal member accommodating groove 
38. The projections 37 of the valve seat part 35 inte- 
grating the seal member 70 therewith are firmly fitted 
into inner circumferences 28a of the end parts of the 
sleeve-like holder 28 with an adhesive as shown in 
Figures 8 and 9. 

The liquid having passed through the grooves 3 
can reach the inner circumferential hole 39 of the an- 
nular part 36 by passing through a clearance be- 
tween the annular part 36 of the valve seat part 35 
and the sleeve-like holder 28. The clearance be- 



tween the inner circumference of the liquid introduc- 
ing chamber 2 and the outer circumference of the 
valve seat part 35 is very small, and the clearance be- 
tween the inner circumference of the liquid introduc- 

5 ing chamber 2 and the outer circumference of the part 
of the magnet moving body 10 in which no grooves 3 
are formed is similarly very small. Thus, the pres- 
ence of the clearances between the annular part 36 
of the valve seat part 35 and the sleeve-like holder 

10 28 will not cause inconvenience such as reverse flow 
of the liquid. 

The permanent magnet 27 may have a section 
that coincides with the inner circumferential profile of 
the sleeve-like holder 28, or may be cylindrical or 

15 square pillar-like. If a clearance is formed between 
the sleeve-like holder 28 and the permanent magnet 
27, a filler is loaded inside the sleeve-like holder 28 
so that the permanent magnet 27 can be fixed on the 
sleeve-like holder 28. 

20 The coils 11A, 11B are annularly wound around 

the end parts of the magnet moving body 1 0, and are 
connected so that the neighboring parts thereof have 
the same magnetic poles. Magnetic flux from the re- 
spective end surfaces of the magnet moving body 10 

25 cuts across the coils 11 A, 11 B. 

A liquid introducing side member 5 is fixed on an 
end of the liquid introducing chamber 2 constituting 
guide sleeve 4 so as to be watertight through an CD- 
ring 61 and a stopper plate 62. The liquid introducing 

30 side member 5 has an opening on one end thereof as 
a liquid introducing opening 7, and has a liquid intro- 
ducing path 8 that communicates with the liquid intro- 
ducing chamber 2 on the other end thereof. A first 
check valve 12 is disposed on a large-diameter part 

35 6 that is formed in the middle of the liquid introducing 
path 8. That is, the first check valve 12 includes: a 
seal member (O-ring) 14 made from rubber or the like 
firmly disposed on a portion of the large-diameter 
part 6 which is supposed to serve as a valve seat; a 

40 magnetic valve body 15 made of a steel ball or the like 
which closes the liquid introducing path 8 when the 
valve body 1 5 comes in pressure contact with the seal 
member 14; and a valve body attracting permanent 
magnet 16 that is disposed on the outer end of the liq- 

45 uid introducing side member 5. Therefore, the mag- 
netic valve body 15 is biased in such a direction as to 
come in pressure contact with the seal member 14 by 
the valve body attracting permanent magnet 16. It is 
preferable that the liquid introducing side member 5 

50 be nonmagnetic. 

A cushion member 63 for regulating the stroke of 
the magnet moving body 10 is secured to a surface 
of the stopper plate 62, the surface confronting the 
magnet moving body 10. 

55 A liquid discharge side member 1 7 is fixed on the 

other end of the liquid introducing chamber 2 consti- 
tuting guide sleeve 4 so as to be watertight through 
an O-ring 64. That is, a holding plate 65 for holding a 
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flange part of the liquid discharge side member 17 
from above is put on a flange part of the cylindrical 
yoke 1 and secured thereto by bolts 66. The liquid dis- 
charge side member 1 7 has a liquid discharge path 1 9 
that communicates with the liquid introducing cham- 
ber 2. A nozzle member 67 having a liquid discharge 
opening 18 is secured to a distal end of the liquid dis- 
charge side member 1 7, the liquid discharge opening 
18 communicating with the liquid discharge path 19. 

Further, a magnetic valve body 26 made of a 
steel ball or the like is disposed so that a second 
check valve 25 is formed together with the seal mem- 
ber 70 on the liquid discharge side of the valve seat 
part 35 firmly integrated with the magnet moving 
body 10. The magnetic valve body 26 is attracted in 
such a direction as to close the inner circumferential 
hole 39 of the valve seat part 35 by the permanent 
magnet 27 inside the magnet moving body 1 0. Acush- 
ion member 68 for regulating the strokes of the valve 
body 26 and the magnet moving body 10 is fixed on 
a recess inside the liquid discharge side member 17. 

In the construction of the third embodiment, the 
magnet moving body 1 0 can be caused to reciprocate 
inside the liquid introducing chamber2 by applying al- 
ternating current while connecting the two coils 11 A, 
11 B in such a manner that the neighboring parts 
thereof have the same magnetic poles. As a result, in 
a stroke toward the liquid discharge side, the magnet 
moving body 10 moves with the magnetic valve body 
26 of the second check valve 25 closing the inner cir- 
cumferential hole 39 of the valve seat part 35, which 
thus allows liquid (e.g., liquid such as water or kero- 
sene) to be introduced into the liquid introducing 
chamber 2 via the liquid introducing opening 7, the 
liquid introducing path 8, and the first check valve 12. 
In a stroke toward the liquid introducing side, the 
magnet moving body 10 moves with the magnetic 
valve body 15 of the first check valve 12 closing the 
liquid introducing path 8, which thus allows the liquid 
inside the liquid introducing chamber 2 to move to- 
ward the liquid discharge side of the magnet moving 
body 10 via the second check valve 25. As the mag- 
net moving body 10 further moves toward the liquid 
discharge side, the liquid is discharged from the liquid 
discharge opening 18 via the liquid discharge path 
19. 

According to the third embodiment of the inven- 
tion, the magnet moving body 10 can be caused to re- 
ciprocate efficiently by a force similar to a thrust 
based on the Fleming's left hand rule that acts on 
both the magnetic flux produced from the permanent 
magnet of the magnet moving body 10 and the cur- 
rent flowing through the two coils 11 A, 11 B that cut 
across the magnetic flux. As a result, a mechanism 
such as a return spring or the like is no longer nec- 
essary, thus allowing mechanical simplification to be 
achieved. Further, the reciprocating motion of the 
magnet moving body 1 0 can be smooth owing to good 



frequency response of the current applied to the coi Is 
11 A, 11B. High-speed operation is therefore possible 
by increasing the frequency. Still further, since the 
grooves 3 serving as the liquid passages are formed 

5 on the outer circumference of the magnet moving 
body 1 0, the magnet moving body 1 0 can be fabricat- 
ed and downsized easily compared with the con- 
struction in which the through hole is formed in the 
magnet moving body 10 as the liquid passage. In ad- 

10 dition, this construction provides waterproof of the 
outer circumference of t he permanent magnet 27 with 
ease (i.e., the sleeve-like holder 28 can be fabricated 
with ease by deep drawing). Still further, the first and 
the second check valves 12, 25 are of such a simple 

15 design as to attract the magnetic valve bodies 15, 26 
made of steel balls or the like with the permanent 
magnets, and this design also contributes to mechan- 
ical simplification. 

Figure 12 shows a fourth embodiment of the in- 

20 vention. As shown in Figure 12, a movable magnet 
type pump according to the fourth embodiment has 
a soft magnetic cylindrical yoke 41 , three sets of coils 
33A, 33B, 33C disposed inside the cylindrical yoke 
41, and a magnet moving body 30. The three sets of 

25 coils 33A, 33B, 33C are fixed on the cylindrical yoke 
41 by a guide sleeve 44. The inner circumference of 
the guide sleeve 44 forms a liquid introducing cham- 
ber 42 for slidably guiding the magnet moving body 
10. The guide sleeve 44 is made of an insulating ma- 

30 terial (nonmagnetic material) such as an insulating 
resin or the like. 

The magnet moving body 30 is formed by cover- 
ing two substantially rod-like rare earth permanent 
magnets 31 A, 31 B and a substantially cylindrical in- 

35 termediate soft magnetic body 32 interposed be- 
tween these permanent magnets 31 A, 31 B with a 
nonmagnetic sleeve-like holder 28. At least one of 
grooves 3 serving as liquid passages are formed in 
the axial direction on the outer circumference of the 

40 magnet moving body 30. That is, the sleeve-like hold- 
er 28 has grooves 3 on the outer circumference there- 
of. The permanent magnets 31 A, 31 B and the sub- 
stantially cylindrical intermediate soft magnetic body 
32 are fixed inside the sleeve-like holder 28. It is pre- 

45 ferable that the sleeve-like holder 28 cover not only 
the outer circumference of a body coupling the per- 
manent magnets 31 A, 31 B to the substantially cylin- 
drical intermediate soft magnetic body 32, but also 
both end surfaces thereof. Also, a valve seat part 35 

so is integrally secured to the liquid discharge side of the 
magnet moving body 30, and a seal member 70 is 
fixed on the valve seat part 35. How the valve seat 
part 35 is constructed and secured to the sleeve- 1 ike 
holder 28 is similar to that in the third embodiment. 

55 The coils 33A, 33B, 33C are annularly wound, 

and are connected so that current flows in directions 
different from one another with a zone between the 
poles of the permanent magnets 31 A, 31 B as a 
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boundary. That is, it is so designed that the coil 33B 
in the middle encloses the end parts including the in- 
termediate soft magnetic body 32 and the N-poles of 
the permanent magnets 31 A, 31 B, and that the coils 
33A, 33C on both ends enclose the end parts includ- 
ing the S-poles of the permanent magnets 31 A, 31 B. 
The direction of the current flowing through the coil 
33B in the middle is opposite to that of the current 
flowing through the coils 33A, 33C on both ends (see 
N, S designed on the respective coils in Figure 12). 

A liquid introducing side member 5 is fixed on an 
end of the liquid introducing chamber 2 constituting 
guide sleeve 44 so as to be watertight through an CD- 
ring 61 and a stopper plate 62. That the first check 
valve 12 is disposed on the liquid introducing side 
member 5 and other constructional aspects are sim- 
ilar to those in the third embodiment. 

A liquid discharge side member 17 is fixed on the 
other end of the liquid introducing chamber 2 consti- 
tuting guide sleeve 44 so as to be watertight through 
an O-ring 64. That the nozzle member 67 having a liq- 
uid discharge opening 18 communicating with the liq- 
uid discharge path 19 is secured to a distal end of the 
liquid discharge side member 17, and other construc- 
tional aspects are also similar to those in the third 
embodiment. 

Further, a magnetic valve body 26 made of a 
steel ball or the like is disposed so that a second 
check valve 25 is formed together with the seal mem- 
ber 70 on the liquid discharge side of the valve seat 
part 35 integrally secured to the magnet moving body 
30. The magnetic valve body 26 is attracted in such 
a direction as to close the inner circumferential hole 
39 of the valve seat part 35 by the permanent magnet 
31A inside the magnet moving body 30. A cushion 
member 68 for regulating the strokes of the valve 
body 26 and the magnet moving body 30 is fixed on 
a recess inside the liquid discharge side member 17. 

The same or like parts and components as those 
of the third embodiment are designated by the same 
reference numerals, and the descriptions thereof are 
omitted. 

In the construction of the fourth embodiment, 
the magnet moving body 30 can be caused to recipro- 
cate inside the liquid introducing chamber 42 by ap- 
plying alternating current to the three coils 33A, 33B, 
33C in such a manner that each of the three coils 
33A, 33B, 33C can generate a magnetic field of an op- 
posite polarity alternately. As a result, in a stroke to- 
ward the liquid discharge side, the magnet moving 
body 30 moves with the magnetic valve body 26 of 
the second check valve 25 closing the inner circum- 
ferential hole 39 of the valve seat part 35 (i.e., with 
the magnetic valve body 26 closing the liquid pas- 
sage), which thus allows liquid (e.g., liquid such as 
water or kerosene) to be introduced into the liquid in- 
troducing chamber 42 via the liquid introducing open- 
ing 7, the liquid introducing path 8, and the first check 



valve 12. In a stroke toward the liquid introducing 
side, the magnet moving body 30 moves with the 
magnetic valve body 15 of the first check valve 12 
closing the liquid introducing path 8, which thus al- 

5 lows the liquid inside the liquid introducing chamber 
42 to move toward the liquid discharge side of the 
magnet moving body 30 via the second check valve 
25. As the magnet moving body 30 further moves to- 
ward the liquid discharge side, the liquid is dis- 

10 charged from the liquid discharge opening 18 via the 
liquid discharge path 19. 

According to the fourth embodiment of the inven- 
tion, the magnet moving body 30 can be caused to re- 
ciprocate efficiently by a force similar to a thrust 

15 based on the Fleming's left hand rule that acts on 
both the magnetic flux produced from the respective 
permanent magnets of the magnet moving body 30 
and the current flowing through the three coils 33A, 
33B, 33Cthat cut across the magnetic flux. Since the 

20 magnet moving body 30 is formed of a structure in 
which the soft magnetic body is interposed between 
the two permanent magnets with the same poles of 
the permanent magnets confronting each other, a 
magnetic flux density component perpendicular to 

25 the direction of magnetization (axial direction) of the 
respective permanent magnets can be increased 
sufficiently and the magnetic flux generated by all 
the poles of the permanent magnets can be utilized 
efficiently. Therefore, the thrust based on the Flem- 

30 ing's left hand rule that acts on the magnetic flux and 
the current flowing through the three coils 33A, 33B, 
33C wound around the magnet moving body 30 can 
be increased sufficiently. Thus, even if the magnet 
moving body 30 is downsized, a drive force therefor 

35 can be increased significantly. Other effects and ad- 
vantages are similar to those in the third embodi- 
ment. 

Figure 1 3 shows a modified example of the mag- 
net moving body applicable to the fourth embodi- 

40 ment. In this case, a magnet moving body 30A is 
formed by covering two substantially rod-like rare 
earth permanent magnets 31 A, 31 B, a substantially 
cylindrical intermediate soft magnetic body 32A, and 
substantially cylindrical end soft magnet bodies 32B, 

45 32C with a nonmagnetic sleeve-like holder 28. The 
permanent magnets 31 A, 31 B are arranged so that 
the same poles thereof confront each other. The sub- 
stantially cylindrical intermediate soft magnetic body 
32A is firmly fixed between these permanent mag- 

50 nets 31 A, 31 B. The substantially cylindrical end soft 
magnetic bodies 32B, 32C are secured to the outer- 
most end surfaces of the permanent magnets 31A, 
31 B. Grooves 3 serving as liquid passages are 
formed in the axial direction on the outer circumfer- 

55 ence of the magnet moving body 30A. That is, the 
sleeve-like holder 28 has grooves 3 on the outer cir- 
cumference thereof, and the permanent magnets 
31 A, 31 B, the substantially cylindrical intermediate 
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soft magnetic body 32A, and the end soft magnetic 
bodies 32B, 32C are fixed inside the sleeve-like hold- 
er 28. It is preferable that the sleeve-like holer 28 cov- 
er not only the outer circumference of a body coupling 
the substantially rod-like permanent magnets 31A, 
31 B to the substantially cylindrical soft magnetic bod- 
ies 32A, 32B, 32C, but also both end surfaces there- 
of. Further, a valve seat part 35 is integrally secured 
to the liquid discharge side of the magnet moving 
body 30A, and a seal member 70 is fixed on the valve 
seat part 35. How the valve seat part 35 is construct- 
ed and fixed on the sleeve-like holder 28 is similar to 
that in the third embodiment. 

The magnet moving body 30A of Figure 13 has 
the advantage that magnetic flux generated from the 
outer side end surfaces of the permanent magnets is 
easy to bend in the perpendicular direction (in the di- 
rection of the yoke) owing to the presence of the end 
surface soft magnetic bodies 32B, 32C. As a result, 
by combining the three coils 33A, 33B, 33C of the 
fourth embodiment, an improvement in thrust by 
about several to 10 percentage points can be ach- 
ieved. 

Figure 14 shows a modified example of the 
grooves of the magnet moving body applicable to the 
third or the fourth embodiment. In this case, grooves 
3Aof the magnet moving body 10, 30 are formed on 
the outer circumference of the sleeve-like holder 28 
so as to be inclined with respect to the axial direction 
of the magnet moving body. As a result, the magnet 
moving body 10, 30 reciprocates with rotation, which 
prevents the nonmagnetic sleeve-like holder 28 con- 
stituting the outer circumferential part of the magnet 
moving body 10, 30 from being locally worn, thereby 
contributing to improving wear resistance of the 
sleeve-like holer 28. That the valve seat part 35 is in- 
tegrally secured to the liquid discharge side of the 
magnet moving body 30A, that the seal member 70 
is fixed on the valve seat part 35, and other construc- 
tional aspects are similar to those in the third em- 
bodiment. 

Figure 15 shows a modified example of the sec- 
ond check valve in the third or the fourth embodi- 
ment. An extension 100 of the nonmagnetic sleeve- 
like holder 28 is disposed on the liquid discharge side 
of the magnet moving body 10, 30 so that the exten- 
sion 100 can hold a spring 101 and a valve body 102 
that is in spherical or like form. Therefore, the valve 
body 102 is biased by the spring 101 in such a direc- 
tion as to come in pressure contact with the seal 
member 70 disposed on the end surface on the liquid 
discharge side of the magnet moving body 10, 30 to 
thereby close the inner circumferential hole 39 of the 
valve seat part 35. In the construction of Figure 15, 
it is not necessary that the valve body 102 be mag- 
netic. That the valve seat part 35 is integrally secured 
to the liquid discharge side of the magnetic moving 
body 10, 30, that the seal member 70 is fixed on the 



valve seat part 35, and other constructional aspects 
are similar to those in the third embodiment. 

Figure 16 shows a modified example of the first 
check valve in the third or the fourth embodiment. A 

5 seal member 14A made from rubber or the like is 
fixed on a portion of the large-diameter part 6 of the 
liquid introducing member 5, the portion being sup- 
posed to become a valve seat, and a valve body 80 
that is in spherical or like form is biased by a spring 

10 81 so that the valve body 80 comes in pressure con- 
tact with the seal member 14A. The stopper plate 62 
serves also as a spring retainer. Reference numeral 
1 designates a yoke; and 8, a liquid introducing path. 
Like the other modified examples, it is not necessary 

15 that the valve body 80 be magnetic in the construc- 
tion of Figure 16. 

Figure 1 7 shows a modified example in which the 
first check valve in the third or the fourth embodiment 
is moved to the liquid discharge side. A liquid dis- 

20 charge side member 1 7A has therewithin a liquid dis- 
charge path 19Athat communicates with the liquid in- 
troducing chamber 2, 42 in which the magnet moving 
body 1 0, 30 reciprocates, and the first check valve 12 
is disposed at a position along the liquid discharge 

25 path 19A. That is, the liquid discharge path 19A is de- 
signed so as to be closed when the valve body 15 
comes in pressure contact with the seal member 14 
of the large-diameter part. While not shown in the 
drawing, the valve body 15 is biased by a spring or the 

30 like in such a direction as to come in pressure contact 
with the seal member 14. The same or like parts and 
components as those of the third or the fourth em- 
bodiment are designated by the same reference nu- 
merals. An operation is shown in Figure 19. 

35 Figure 1 8 shows a modified example in which the 

second check valve in the third or the fourth embodi- 
ment is moved to the liquid introducing side of the 
magnet moving body. In this case, a cylindrical exten- 
sion member 11 0 is integrally coupled to the nonmag- 

40 netic sleeve-like holder 28 of the magnet moving 
body 10, 30. A valve seat 112 is fixed on the inner side 
of a folded part 111 of a distal end of the cylindrical 
extension member 110. A seal member (O-ring) 113 
is secured to the valve seat 112. Inside the cylindrical 

45 extension member 110 is a spherical valve body 114 
made of a nonmagnetic material such as a resin, 
which valve body 114 is biased by a compression 
spring 115 in such a direction as to come in pressure 
contact with the seal member 113. In Figure 18, ref- 

50 erence numerals 1, 41 designate a cylindrical yoke; 
and 4, 44, a guide sleeve. 

In the construction of Figure 18, in a stroke in 
which the magnet moving body 10, 30 moves toward 
the liquid discharge side as indicated by an arrow J, 

55 the valve body 1 14 of the second check valve closes 
an end opening 115 of the cylindrical extension mem- 
ber 110 with the valve body 114 coming in pressure 
contact with the seal member 113 on the valve seat 
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112 (i.e., with the valve body 114 closing the liquid 
passage); and in a stroke in which the magnet moving 
body 10, 30 moves toward the liquid introducing side 
as indicated by an arrow K, the first check valve 
closes the liquid introducing path. Therefore, the 
valve body 114 of the second check valve moves 
away from the seal member 113, allowing the liquid 
within the liquid introducing chamber 2, 42 to move in 
such a direction as to enterthe grooves 3 of the mag- 
net moving body 10, 30 (toward the liquid discharge 
side) through the second check valve. 

Structures other than those exemplified in Fig- 
ures 15 to 18 may also be applied to the first and the 
second check valves. 

Having described the embodiments of the inven- 
tion, it is notour intention that the invention be limited 
thereto. It is apparent to those skilled in the art that 
the invention may be modified in various forms within 
the spirit and scope as set out in the appended 
claims. 

As described in the foregoing, the movable mag- 
net type pumps of the invention are characterized as 
arranging the magnet moving body having the 
through liquid passage or the magnet moving body 
having the grooves serving as liquid passages, and 
causing such magnet moving body to reciprocate 
within the liquid introducing chamber by utilizing elec- 
tromagnetic force generated between the magnet 
moving body and the current applied to the plurality 
of coils. Therefore, the pump is slimmed down mech- 
anically by getting rid of a mechanical return mecha- 
nism, thus allowing large pumping performance to be 
implemented with a small structure. Further, the ar- 
rangement in which the magnet moving body has the 
grooves is more advantageous in downsizing the 
pump compared with the arrangement in which the 
magnet moving body has the through hole. In addi- 
tion, the former arrangement is advantageous in pro- 
viding good waterproof of the permanent magnet or 
magnets contained in the magnet moving body. 

Figure 20 shows a comparison of the pumping 
performance between the movable magnet type 
pump of the invention and the conventional electro- 
magnetic pump. It is apparent from this drawing that 
the movable magnet type pump of the invention ex- 
cels the conventional example in both flow rate char- 
acteristics as well as in frequency characteristics. 



Claims 

1. A movable magnet type pump comprising: 

a magnet moving body having at least one 
axially magnetized permanent magnet and an 
axially extending liquid passage, the magnet 
moving body being disposed within a liquid intro- 
ducing chamber so as to be slidable therewithin; 
a plurality of coils being fixed so as to en- 



close the liquid introducing chamber; 

at least one first check valve being dis- 
posed on a liquid passage communicating with 
the liquid introducing chamber; 
5 at least one second check valve being dis- 

posed on the liquid passage of the magnet mov- 
ing body; 

wherein the magnet moving body is 
caused to reciprocate by interaction between 
10 current applied to each of the plurality of coils 

and magnetic flux from the magnet moving body 
cutting across each of the plurality of coils. 

2. A movable magnet type pump according to claim 
15 1 , wherein magnet moving body is formed in such 

a manner that the same poles of the two perma- 
nent magnets confronting each other; the plural- 
ity of coils are at least three coils; and the at least 
three coils are connected in such a manner that 
20 current flows in directions different from one an- 

other with a zone between the respective perma- 
nent magnets as a boundary. 

3. A movable magnet type pump according to claim 
25 2, wherein magnet moving body includes a mag- 
netic body interposed between at least two per- 
manent magnets. 

4. A movable magnet type pump according to claim 
30 2, wherein the magnet moving body includes an 

intermediate magnetic body interposed between 
at least two permanent magnets, two end mag- 
netic bodies on outer end surfaces of the outer- 
most permanent magnets. 

35 

5. A movable magnet type pump according to claim 
1 , wherein a magnetic yoke is disposed on an out- 
er circumferential side of the coils; and a magnet- 
ic circuit is arranged for increasing a magnetic 

40 flux component in a direction perpendicular to the 

axial direction of the magnet moving body. 

6. A movable magnet type pump according to claim 
1 , wherein the first check valve comprises a first 

45 magnetic valve body and a valve body attracting 

permanent magnet, and biases the first magnet- 
ic valve body in such a direction as to close the 
liquid passage communicating with the liquid in- 
troducing chamber with the valve body attracting 

50 permanent magnet. 

7. A movable magnet type pump according to claim 
1 , wherein the second check valve has a second 
magnetic valve body, and biases the second 

55 valve body in such a direction as to close the liq- 

uid passage with the permanent magnet or mag- 
nets of the magnet moving body. 
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8. A movable magnet type pump according to claim 
1 , wherein the liquid passage passes through the 
permanent magnet. 

9. A movable magnet type pump according to claim 5 
1 , wherein the liquid passage is a groove formed 

on an outer circumference of the permanent mag- 
net. 

10. A movable magnet type pump according to claim 10 
9, wherein the groove is formed on the outer cir- 
cumference so as to be inclined with respect to 

the axial direction of the magnet moving body. 

11. A movable magnet type pump according to claim 15 
1, wherein the permanent magnet or magnets 

are rare-earth permanent magnets. 
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